ABSTRACT The main objective of this study was to examine the efficacy of USDA approved antimicrobials in reducing Salmonella Heidelberg (S. H.) and Campylobacter jejuni (C. j.) in ground chicken frames and to determine the treatment effects on total aerobic counts and meat color. Six antimicrobials (0.1% peracetic acid [PAA], 0.6% cetylpyridinium chloride [CPC], 0.005% sodium hypochlorite, 1.5% acidified lactic acid [ALA], 0.3% propionic acid, and 0.1% lauric arginate [LAE]) applied as dip treatments were evaluated in their efficacy in reducing S. Heidelberg and C. jejuni. Fresh chicken frames were spot inoculated with nalidixic acid resistant S. H. and C. j. (ATCC 33291) to achieve a recovery level of ca. 3 log CFU/g in the ground product. Frames were dipped for 10 s in each antimicrobial solution and each treatment was replicated on 3 frames. Three separate replications were conducted for this experiment. Frames were blended, and ground samples similar to mechanically separated chicken (MSC) 
INTRODUCTION
Salmonella and Campylobacter continue to be major concerns in the poultry industry since poultry and poultry products are common sources of these pathogens (McKee, 2012; CDC, 2014a) . Furthermore, the USDA-FSIS conducted a Not-Ready-to-Eat (NRTE) comminuted poultry sampling project that revealed high levels of Salmonella and Campylobacter contamination in mechanically separated chicken (MSC) (USDA-FSIS, 2013a) . One recent outbreak, in 2014, linked to Salmonella Heidelberg (S.H.) resulted in over 30,000 pounds of mechanically separated chicken being recalled (CDC, 2014b) . Because of the high prevalence of Salmonella and Campylobacter in comminuted chicken, the USDA-FSIS has introduced new pathogen reduction performance standards to control Salmonella and Campylobacter contamination in comminuted poultry C 2017 Poultry Science Association Inc. Received September 13, 2016. Accepted December 6, 2016. 1 Corresponding author: csharma@poultry.msstate.edu products (USDA-FSIS, 2015a) . In accordance to the guidelines, the maximum limit for Salmonella positive samples is 25% (13 of 52 samples) and 1.9% (one of 52 samples) for Campylobacter positive samples of NRTE comminuted chicken (USDA-FSIS, 2015a) . It is critical for comminuted poultry processors to identify and employ successful intervention strategies to prevent and reduce the contamination risks of these pathogenic agents during production. The USDA-FSIS has approved various antimicrobial agents to control Salmonella and Campylobacter in raw poultry products that can be applied as spray or dip treatments (USDA-FSIS, 2015b) . Traditionally, chlorine, usually in the form of sodium hypochlorite, and chlorine-based compounds are commonly applied as antimicrobial treatments during poultry processing in the United States (Bauermeister et al., 2008; Buncic and Sofos, 2012) . The increased levels of organic matter and pH decrease the efficacy of chlorine as an antimicrobial agent (Lillard, 1980; Sams, 2001; Bauermeister et al., 2008) .
The application of organic acids has been reported in the various stages of poultry processing such as chilling water, post-chill tanks, and scalding tanks (Tamblyn and Conner, 1997) . Organic acids are inexpensive, easy to manage, and have been proven to be effective in reducing pathogens. The antimicrobial efficacy of organic acids is dependent on factors such as contact time, temperature, and concentration (Dickson and Anderson, 1992) . Organic acids are generally recognized as safe (GRAS), and the USDA-FSIS also has approved the use of various organic acids during poultry processing (USDA-FSIS, 2015b). Conner et al. (2001) reported that application of organic acid combinations and surfactants in the processing areas effectively reduced Salmonella spp. and C. jejuni on broiler carcasses while eliminating cross-contamination. Lactic acid antimicrobial activity is by penetrating the cytoplasmic membrane, altering the pH and disrupting the proton motive force (Alakomi et al., 2001) . Propionic acid is an organic acid antimicrobial agent and the maximum allowed level is 0.5% of the final formulation (USDA-FSIS, 2015b). Organic acids have been reported to negatively affect the flavor and color when applied at higher concentrations (Blankenship et al., 1990; Bauermeister et al., 2008) . Bilgili et al. (1998) reported 0.5 to 6% propionic acid treatment caused a bleaching effect on broiler skin resulting in a lighter color when compared to the other acid treatments. Organic acids have been combined with other antimicrobials to avoid the negative effects caused at higher concentrations while maintaining efficacy.
Peracetic acid (PAA) is an equilibrium mixture of acetic acid and hydrogen peroxide in water (Baldry and Fraser, 1988; Bauermeister et al., 2008) . PAA has both acidic and oxidizing properties and the maximum allowable level is 2,000 ppm in poultry carcasses and cutup parts (USDA-FSIS, 2014). Nagel et al. (2013) found PAA to be effective against Salmonella and Campylobacter on poultry carcasses when applied as a 20 s post-chill dip without altering the quality of the final product. This study revealed a 2 log reduction of Salmonella Typhimurium on inoculated broiler carcasses for post chill with dips of 0.04% or 0.1% PAA. Bauermeister et al. (2008) reported that PAA at levels as low as 25 ppm were effective against Salmonella; however, treatment at 200 ppm PAA resulted in higher reductions of S. Typhimurium and resulted in a 1.5 log reduction of Campylobacter jejuni. In another study, Chen et al. (2014) revealed a reduction of Campylobacter and Salmonella of approximately 1.3 and 1.5 log CFU with PAA levels of 0.07 and 0.1% on ground chicken, respectively. Chantarapanont et al. (2004) reported a 1.0 log reduction of Campylobacter spp. on chicken skin using a 0.01% PAA solution with a 15 min contact time.
Cetylpyridinium chloride (CPC) is approved at a maximum level of 0.8% by weight of the final product. It is a water soluble, non-volatile, quaternary ammonium compound and had been found to be effective against various pathogenic bacteria without negatively affecting quality (USDA-FSIS, 2010; Buncic and Sofos, 2012). Yang et al. (1998) reported that the application of 0.5% CPC reduced Salmonella on chicken carcasses by 3.6 log CFU per carcass. Kim and Slavik (1996) found that 0.1% CPC application on chicken skins was effective against S. Typhimurium resulting in a 1.7 log reduction. Conner et al. (2001) reported CPC to be effective without causing any negative sensory effects on the carcass.
Lauric Arginate (LAE) is a broad-spectrum antimicrobial, cationic surfactant that acts by altering the cytoplasmic membranes of the cell (Rodríguez et al., 2004) . LAE is a GRAS antimicrobial, approved for use in raw poultry parts and comminuted poultry products at the maximum level of 200 ppm by weight of the final product (USDA-FSIS, 2015b). LAE has been found to be effective against microorganisms like Salmonella, Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli in a variety of foods such as milk and chicken breasts (Becerril et al., 2013; Ma et al., 2013; Sharma et al., 2013; Nair et al., 2014) . Several studies have been published on the effect of the aforementioned antimicrobials on poultry carcasses, poultry products, and on chicken skin (Yang et al., 1998; Sukumaran et al., 2015) .
There is lack of research information on the efficacy of antimicrobials (sodium hypochlorite, acidified lactic acid, propionic acid, PAA, CPC, and LAE) against Salmonella and Campylobacter in raw MSC. The main objective of the current study was to evaluate the efficacy of various USDA approved antimicrobials on the reduction of Salmonella and Campylobacter in ground chicken frames -a product similar to commercial MSC -and to observe the treatments' effects on aerobic microorganisms, meat pH, and color.
MATERIALS AND METHODS

Salmonella Inoculum Preparation
Nalidixic acid-resistant S. H. strain (NA19) isolated from retail ground turkey was used in this study to test the efficacy of various antimicrobials in reducing Salmonella on ground chicken frames. One loop full of frozen S. H. culture was streaked onto tryptic soy agar containing nalidixic acid (TSA+NA) and xylose lysine Tergitol 4 (XLT4+NA; BD Difco, Franklin Lakes, NJ) agar containing nalidixic acid (60 μg/mL; Sigma-Aldrich, St. Louis, MO) and incubated at 37
• C for 48 hours. Broth cultures were prepared by inoculating 10 mL of tryptic soy broth (TSB; containing 60 μg/mL nalidixic acid) with a single colony from TSA+NA and incubated at 37
• C for 18 to 20 hours. Broth cultures were centrifuged at 5,500 rpm for 10 min at 4
• C and the pellet was suspended in 0.1% sterile peptone water. A stock culture of 10 8 cfu/mL was prepared. Serial 10-fold dilutions were performed to prepare a final working solution containing approximately10 6 cfu/mL.
Campylobacter Inoculum Preparation
One loop full of frozen C. j. (ATCC 33291) was streaked on campy-cefex agar (Acumedia Manufacturers, Inc., Lansing, MI) containing no nalidixic acid. Broth cultures were prepared by inoculating 10 mL of Bolton's broth with fresh colonies from the campycefex agar and incubated at 42
• C for 24 h under microaerophilic growth conditions. Gas packs (BD Gas Pak TM EZ Gas Generating System, Sparks, MD) were used in each anaerobe jar (Mart Anaerobic Jars, Anoxomat, Norwood, MA) to maintain microaerophilic conditions providing approximately 5% O 2 , 10% CO 2 , and 85% N 2 . The broth culture was centrifuged for 10 min at 4,290 rpm at 4
• C and the pellet was suspended in 0.1% peptone water. A stock culture of 10 6 cells/mL was prepared as described for Salmonella.
Antimicrobial Treatments
Chlorine, in the form of sodium hypochlorite, containing 7.85% available chlorine was used (Clorox Company, Oakland, CA). The concentration of chlorine was validated using the Aquachek Water Quality Test Strips (Aquacheck, Elkhart, IN). Cetylpyridinium chloride (Cecure R ) consisting of 40% CPC in propylene glycol and water was procured from Safe Foods Corporation (SafeFoods Corporation, Little Rock, AR). Lauric arginate, also known as lauramide arginine ethyl ester, containing a 15% concentration of LAE was obtained from Vedeqsa (Vedeqsa, Inc., New York, NY). Peracetic acid (Peragonn TM ) was obtained from SafeFoods Corporation and contained 15 to 20% peracetic acid, 6% hydrogen peroxide, and 30% acetic acid. Propionic acid was purchased from Sigma-Aldrich (St. Louis, MO) containing a 99.5% propionic acid. ALA was procured from Synergy Technologies (Shreveport, LA) with a lactic acid concentration of 0.5%. The concentration of CPC and PAA was confirmed using titration test kits obtained from the manufacturer before each experiment. The pH values of each treatment solution were recorded before performing the experiment. The average pH of 0.005% chlorine solution was adjusted to 6.5 using 0.1 N hypochloric acid solution (Fisher Scientific, Pittsburg, PA). The average pH of 0.3% propionic acid and 0.1% PAA was 3.5 and 2.8, respectively; average pH of 0.6% CPC, 0.1% LAE, and 1.5% acidified lactic acid was 6.7, 6.2, and 2.3, respectively.
Chicken Frames Challenge Study
A total of 63 chicken frames was used for the experiment (3 chicken frames per treatment x 7 treatments x 3 replications). For each replication, chicken frames were obtained from a local processing facility, transported on ice, and stored at 4
• C the d prior to the experiment. On the d of the experiment, chicken frames were transferred to sterile whirl-Pak bags (Nasco, Fort Atkinson, WI) and spot inoculated with one mL of nalidixic-acid resistant S. Heidelberg and one mL of C. jejuni culture to achieve ca. 3 log CFU/g recovery level in the final product. The frames were stored undisturbed in the biological safety cabinet for 30 min to allow proper attachment of bacterial cells to the frames. Whirl-pak bags with the inoculated frames were stored in a holding cooler at 4
• C prior to dipping in the treatment solution. The frames were dip treated in sterile 5.5-quart stainless steel bowls (Norpro, INC, Everett, WA). Each chicken frame was completely submerged for 10 s using a separate bowl. Six dip treatments consisting of 0.005% chlorine, 0.1% PAA, 0.6% CPC, 1.5% ALA, 0.1% LAE, and 0.3% propionic acid were formulated to a final dip volume of 3 L using sterile DI water. Positive and negative controls were included. Salmonella and Campylobacter inoculated frames dipped in sterile DI water were used as the positive control. Non-inoculated frames were used to detect the presence of background Campylobacter spp. on the chicken frames. After treatment, chicken frames were blended, using a separate sterile blender top (WARING Commercial, Stamford, CT; Model: 7011S) for each frame, to obtain a ground product similar to MSC. Then, the blended product was aseptically transferred to sterile whirl-Pak bags and hand massaged to ensure proper distribution throughout the sample.
Sampling and Enumeration of Salmonella and Campylobacter
Four individual 25 g samples were weighed and placed into sterile whirl-Pak bags and then stored at 4
• C. The microbiological analysis for the recovery of S. Heidelberg and C. jejuni counts was conducted after 2 h (d zero) and 24 h (d one) of refrigerated storage. Samples were prepared by aseptically adding 225 mL of sterile 0.1% peptone water and hand massaging for 2 min to suspend the cells into the solution. Direct plating method was used for enumeration of Salmonella and Campylobacter. After hand massaging, a volume of 250 μl of the homogenate was plated onto 4 XLT4 agar plates (BD Difco, Franklin Lakes, NJ) containing nalidixic acid (60 μg/mL) and spread using a sterile spreader rod. Plates were incubated aerobically at 37
• C for 48 hours.
Plating methods for C. jejuni enumeration on campycefex agar (Acumedia Manufacturers, Inc., Lansing, MI) were similar to Salmonella procedure. Plates were incubated in anaerobe jars containing gas packs providing microaerophilic conditions (5% O2, 10% CO2, and 85% N2) at 42
• C for 48 hours. Results for Salmonella and Campylobacter counts were converted to log CFU/g of blended product. Each treatment had duplicate samples and the entire experiment was replicated 3 times.
Meat pH Determination
The meat pH was measured using an Accumet pH meter (AB15 Accumet Basic, Fisher Scientific, Pittsburg, PA) on each day of analysis. The pH probe was inserted into the blended meat sample prior adding 0.1% peptone water; 2 pH readings were averaged and recorded.
Color Analysis and Aerobic Plate Counts
Fifteen non-inoculated chicken frames (one chicken frame x 5 treatments x 3 replications) were included in the study and randomly assigned to the treatments. Antimicrobials deemed effective in reducing Salmonella and Campylobacter were selected to determine their efficacy in reducing aerobic microflora and effect on color of ground meat samples. Four antimicrobial treatments (0.1% PAA, 0.6% CPC, 1.5% ALA, and 0.3% propionic acid) were prepared in 3 L of sterile DI water. Sterile DI water was used as control treatment. One non-inoculated chicken frame was used for each treatment and dip treated for 10 s by submerging in each antimicrobial solution. A separate bowl (Norpro, INC., Everett, WA) was used for each frame. Each frame was blended in a separate sterile blender top (WARING Commercial, Stamford, CT; Model: 7011S) to obtain a product similar to MSC.
Color measurements of blended product after the antimicrobial treatments were recorded. Two 25 g samples were weighed and flattened. Each sample was flattened to make uniform square patties on tin foil lined pans. The color value of each ground meat sample was obtained by placing the probe of the Chroma Meter (CR-400, Konica Minolta Sensing, INC, Ramsey, NJ) directly onto the meat surface before storing the sample at 4
• C. The Chroma Meter was calibrated prior the start of each replication. Color readings were recorded as L * , a * , and b * representing lightness, redness, and yellowness of the samples, respectively. Two color value readings were recorded per sample.
After 2 h of storage at 4 • C, samples were homogenized in 225 mL of sterile 0.1% peptone water by hand massaging for 2 minutes. Serial (10-fold) dilutions were prepared using sterile 0.1% peptone water. APC enumeration was achieved by the pour plate method as described in the USDA-FSIS laboratory guidebook by pipetting one mL of the appropriate dilution to a sterile petri dish and adding approximately 25 mL of molten plate count agar (Oxoid, Remel, Inc,, Lenexa, KS). Plates were settled 30 min undisturbed to allow hardening of the media. Plates were incubated aerobically at 37
• C for 48 h before being counted.
Statistical Analysis
All experiments were replicated 3 times. Salmonella, Campylobacter, and aerobic plate counts were converted to log CFU/g of the blended meat sample. Analysis of variance (ANOVA) in the General Linear Model (GLM) of SAS v. 9.4 (SAS Institute, Cary, NC) was used to analyze the data. Means were separated by Fisher's Least Significant Difference (LSD) test with the level of significance considered at P ≤ 0.05.
RESULTS AND DISCUSSION
Antimicrobial Efficacy of Treatments Against Salmonella and Campylobacter
The data on the antimicrobial efficacy of various treatments in reducing Salmonella and Campylobacter in MSC are presented in Figures 1 and 2 . Overall, PAA, LAE, and ALA treatments were effective (P ≤ 0.05) in reducing S. Heidelberg in ground chicken frames. The PAA treatment was effective on both d of storage resulting in 0.9 and 1.4 log CFU/g reduction of Salmonella on d zero and d one, respectively. Propionic acid (0.3%), ALA (1.5%), and CPC (0.5%) treatments also achieved a 0.5 log reduction of Salmonella on d zero. However, this reduction was statistically nonsignificant when compared to the control. Treatment with 0.005% sodium hypochlorite was the least effective resulting in a non-significant 0.4 log reduction on both d of storage with no differences observed compared to treatment with water. There were no significant differences observed among the CPC, chlorine, propionic acid, and ALA treatments in their ability to reduce the S. Heidelberg when compared to control, although the counts for all treatments were lower than control for both days. On d one, 0.5% CPC treatment resulted in a 0.9 log CFU/g reduction of Salmonella with no differences compared to PAA, LAE, or the other treatments. ALA and LAE treatments were effective and reduced Salmonella by 0.7 log on d one (Figure 1) .
Propionic acid, ALA, and LAE treatments reduced C. jejuni by one log CFU/g on d zero, but these reductions were not statistically significantly different from the control. PAA treatment achieved a 0.7 reduction on d zero, which was not different from the abovementioned treatments. CPC and sodium hypochlorite treatments were not effective (P ≥ 0.05) in reducing C. jejuni and were similar to the control on both days. The reductions of C. jejuni on d one ranged from 0.1 log to 1.2 log CFU/g. Propionic acid and ALA treatments significantly reduced, resulting in one log CFU/g reduction of C. jejuni (P ≤ 0.05). On d one, 0.1% PAA treatment was effective and achieved a 0.8 log reduction of C. jejuni in ground chicken frames as compared to the control (P ≤ 0.05) (Figure 2) .
Traditionally, chlorine treatments at varying ranges have been applied during the various poultry processing steps and found to be effective against Salmonella and Campylobacter. However, chlorine (0.005%) was the least effective against S. Heidelberg and C. jejuni in ground chicken frames in the current study. The short contact time and the organic matter present may have resulted in the ineffective bactericidal activity of chlorine (Sams, 2001; Bauermeister et al., 2008) . The antimicrobial efficacy of chorine (0.004%) when applied as dip with 20 s contact was reported ineffective on poultry carcasses (Nagel et al., 2013) . In another study, chlorine (0.003%) was found ineffective in ground chicken with a 23 s dip (Chen et al., 2014) . ALA and propionic acid reduced Salmonella and Campylobacter in this study; however, the PAA treatment had the greatest log reductions on both d of analysis. Contact time, temperature, and concentration are among the common factors affecting the disinfecting ability of organic acids (Dickson and Anderson, 1992) . These results also may be due to the fact that the antimicrobial efficacy of PAA is not easily influenced by the amount of organic matter present in the processing environment (Brinez et al., 2006) . Menconi et al. (2013) reported that an antimicrobial mixture of propionic acid and acetic acid was effective in reducing S. Typhimurium on chicken skin when applied as a 30 s dip at 2 concentrations, 0.4 and 0.8%, resulting in a 1.4 and 1.7 log CFU/g reduction, respectively. In the current study, 0.3% propionic acid dip with a shorter contact time of 10 s achieved a 1.3 log CFU/g reduction of C. jejuni in ground chicken frames.
Several studies have reported CPC and PAA as immersion tank treatments effective in reducing pathogenic bacteria in raw poultry. Nagel et al. (2013) reported that application of 0.04 and 0.1% PAA as a post-chill immersion treatment (20 s contact time)
on Salmonella inoculated broiler carcasses achieved 2 to 2.1 log reduction of Salmonella with no differences observed between the 2 treatment levels of PAA to reduce Salmonella. In the same study, 0.04 and 0.1% PAA yielded 1.9 and 2.0 log reduction of Campylobacter spp., respectively. Chen et al. (2014) reported the effectiveness of CPC (0.35 and 0.6%) and PAA (0.07 and 0.1%) in reducing Salmonella and Campylobacter in raw ground chicken. Both CPC concentrations resulted in a 0.8 log CFU/g reduction of Salmonella and Campylobacter. The PAA treatments had the greatest reduction of Salmonella (∼1.5 log CFU/g) and Campylobacter (∼1.3 log CFU/g). There were no significant differences observed between the different concentrations for CPC and PAA treatments (Chen et al., 2014) . LAE (0.1% immersion treatment) in the current study significantly reduced S. Heidelberg and C. jejuni. However, greater reductions of C. jejuni (∼1.2 log CFU/g) were observed on both d of the study. In a previous study, Sharma et al. (2013) reported LAE to be ineffective against Salmonella in ground chicken at a concentration of 200 ppm (by weight of ground chicken) when applied as a surface treatment. In the current study, a 0.1% LAE dip treatment reduced Salmonella by 0.9 log and 0.7 log on d zero and d one, respectively. Nair et al. (2014) reported that a post-chill application of LAE at levels of 200 and 400 ppm reduced C. jejuni by more than one log CFU/g in fresh chicken breasts fillets after 7 d of storage. In the present study, LAE achieved more than one log CFU/g reduction of C. jeuni in ground chicken frames after 24 h of storage. The main objective of this study was to identify various USDA approved antimicrobials that would be effective in reducing Salmonella and Campylobacter in MSC. The findings from this study suggest that PAA (0.1%) and LAE (0.1%) were equally effective on d zero in reducing S. Heidelberg in ground frames, whereas on d one PAA (0.1%) reduced S. Heidelberg an additional 0.5 log CFU/g (24 h later) (1.4 log reduction on d one as compared to 0.9 log reduction on d zero), while CPC (0.6%) and ALA (1.5%) were equally effective (but less than PAA) on d one. None of the antimicrobials reduced C. jejuni on d zero; however, PAA (0.1%), ALA (1.5%), propionic acid (0.3%), and LAE (0.1%) were equally effective against C. jejuni on d one. Chlorine (0.005%) was ineffective in reducing either pathogen at either time point.
APC and Color Measurements
Non-inoculated chicken frames were treated with 0.1% PAA, 0.6 % CPC, 0.3% propionic acid, and 1.5% ALA and analyzed for the treatment effects on the APC after 2 h of refrigerated storage. Total APC for the chicken frames treated with sterile DI water (control) was ca. 3.0 log cfu/g (Table 1 ). There were no treatment effects (P ≥ 0.05) on the reduction of aerobic microorganisms when compared to control for any Values within the same column, treatments lacking a common superscript differ (P ≤ 0.05).
Mean ± SD values within the same column with the same letter are the same (P ≤ 0.05).
treatment. In addition, there were no differences among treatments in reduction of APC. Chen et al. (2014) reported the application of 0.07% and 0.1% PAA treatments lower APC levels when compared 0.6% CPC in ground chicken. However, there were no significant differences observed among the treatments in their inability to reduce the total APC.
Color measurements were recorded to determine any treatment effect on lightness (L * ), redness (a * ), and yellowness (b * ) of the final ground product. Overall, there were no differences (P ≥ 0.05) observed for the treatments in terms of lightness, redness, and yellowness when compared to control frames treated with water (Table 2) . Blankenship et al. (1990) reported that the application of organic acids can negatively affect the color and flavor of the meat. Moreover, CPC, ALA, and propionic acid redness values were significantly higher than the PAA. The a * values for PAA treated samples were slightly decreased but not statistically different (P ≥ 0.05) compared to CPC, ALA, and control (Table 2). Bauermeister et al. (2008) reported lower a * values with PAA treatments up to the 200 ppm in broiler carcasses chilled for 2 hours. The lower a * values may be due to the oxidizing property of the antimicrobial, but not negatively affecting the sensory attributes (Chen et al., 2014) .
Meat pH
Meat pH is an important factor for determining final product quality. Meat pH affects the functional properties of muscle proteins. In this experiment, the mean pH value for the control samples (frames treated with DI water) was 6.6 (Table 3) . Sharma et al. (2013) reported no significant differences among ground chicken samples treated with and without LAE (200 and 400 ppm). Similar findings were obtained with the LAE treatment and the control in this study (P ≥ 0.05). LAE, propionic acid, and ALA treated samples had significantly lower pH values than the control and samples treated with chlorine, CPC, and PAA (P ≤ 0.05) ( Table 3) . ALA treatment mean pH values were significantly lower than all the other treatments and control (P ≤ 0.05).
CONCLUSIONS
The findings from this study indicate that PAA, LAE, CPC, and ALA are effective in reducing S. Heidelberg and C. jejuni in ground chicken frames. 0.1% PAA and 0.1% LAE had the highest reductions of Salmonella in ground frames. In addition, PAA, ALA, propionic acid, and LAE were effective against Campylobacter. Moreover, the meat pH and color were not negatively altered. Thus, the application of these antimicrobials at the concentrations and contact time tested in this study can reduce Salmonella and Campylobacter contamination in MSC without causing negative effects on meat quality. However, further research is needed to validate the effectiveness of these findings in a commercial setting.
